SUMMARY The prenatal diagnosis of bullous ichthyosiform erythroderma (BIE) has been achieved at 20 weeks' gestation by electron microscopic identification of a pathognomonic cytoskeletal abnormality within fetal epidermal cells obtained by fetoscopic skin biopsy. The same abnormality was also observed in skin derived amniotic fluid cells. The question whether amniocentesis might be used instead of fetoscopy for future prenatal detection of BIE is discussed.
Bullous ichthyosiform erythroderma (BIE) is one of the more severe types of congenital ichthyosis'-4 and is transmitted as an autosomal dominant trait. Its incidence has not been established although it is presumed to be very low. Clinically, BIE presents at birth or soon afterwards with widespread erythroderma, blistering, and scaling. Blistering tends to improve with age. Warty thickening of the flexural skin usually appears by the third or fourth year and persists into adult life. There is, in addition, hyperkeratosis of the palms and soles. Life expectancy is usually normal although the disease can be severely incapacitating. Death, often associated with severe infection, may occur in infancy.
The diagnosis of BIE depends on the detection of highly characteristic tonofilament clumps in the epidermal cells, associated with intraepidermal vacuolation and hyperkeratosis.5 6 The condition has been diagnosed prenatally by light and electron microscopy of fetal skin biopsy samples obtained at out recourse to fetoscopy and fetal skin biopsy. We have succeeded in diagnosing BIE prenatally by detecting tonofilament clumps in both fetal skin and amniotic fluid cells at 20 weeks' gestation. Our findings are reported here.
Case report
The patient was a 37 year old woman who had suffered from BIE since birth. She had many of the typical features of the disease, including widespread erythema, hyperkeratosis, and scaling. The hyperkeratosis was accentuated in the major flexures and was particularly severe on the hands and feet, affecting both ventral and dorsal surfaces. When she was young blistering was a constant problem, but as she became older it tended to occur mainly in winter.
A skin biopsy specimen taken from a hyperkeratotic area on the patient's right hip showed characteristic histological changes of BIE, namely hyperkeratosis and vacuolation of the epidermis above the basal layer, associated with darkly staining intracellular granules or inclusions, many of which were larger than normal keratohyalin granules (fig 1) . Morphological studies A total of 10 ml amniotic fluid was centrifuged at 1500 rpm for five minutes. The resulting pellet of cells was resuspended in 0-1 mol/l cacodylate buffer with 7% bovine serum albumin. After a second centrifugation, the pellet was fixed for one hour in half-strength Karnovsky fixative'4 in 0-1 moVl cacodylate buffer containing 5% sucrose and 0-05% CaCl2. After several washes in buffer, the pellet was postfixed in 1% osmium tetroxide in distilled water for one hour on ice. After dehydration in graded alcohol, the cells were embedded in TAAB resin. Sections were prepared for light and electron group.bmj.com on June 20, 2017 -Published by http://jmg.bmj.com/ Downloaded from microscopy using similar techniques to those used for fetal skin samples (see above).
Total cell counts, viable cell counts, and estimates of numbers and origins of red blood cells in the amniotic fluid were made after vital staining of the cells with trypan blue.'> t Size class analysis was also carried out. Scanning electron microscopy preparations were made according to the method of Rodeck et al. "' Cells were layered onto alcian blue treated coverslips and examined in a Cambridge S180 scanning electron microscope.
Chromosome stludies Using the methods of Gosden et al, 17 chromosome studies were carried out on cultured amniotic fluid cells because of the risks of autosomal trisomy with the advanced maternal age.
Results

SKIN MICROSCOPY
The single skin specimen was sufficiently large and well preserved for detailed morphological examination. The microanatomy of the epidermis was grossly altered: there was widespread vacuolation associated with dense cytoplasmic inclusions affecting all cell layers between the stratum basale and periderm (fig 3) . The epidermal vacuolation was more marked than might be expected (probably as a result of biopsy artefact) in fetoscopic samples of normal fetal skin of similar gestational age (see below).
Electron microscopy revealed a variable degree of intracellular oedema and cytolysis within the epidermis. especially in the superficial part of the intermediate layer. The normal filamentous cytoskeleton was grossly altered. Instead of coursing through the cytoplasm, the tonofilaments tended to aggregate in tight intracellular clumps with relatively regular borders (fig 4) . Desmosomes appeared generally normal. The clumps were not detected in either periderm or basal cells. The ultrastructure of the periderm appeared normal for 20 weeks' gestation. There were focal zones of regressing periderm with early corneocyte formation. In these areas, small keratohyalin granules were also evident.
AMNIOTIC FLUID CELLS
Cell counts The total number of amniotic fluid cells was 71 400/ml of which 16 700/ml were viable (23% viability). Fewer than 1% of the viable cells were rapidly adherent to glass in the short term (20 hour) cultures. It was, however, interesting to note that the only adherent cells were those in the clumps which were very similar in appearance to those seen in the scanning electron microscope (see below).
Light atid transinission electron mnicroscopY Several semithin sections taken from different blocks of the same pellet were examined by light microscopy. About 10% of cells contained intracytoplasmic dense inclusions. Many cells with the inclusions were still attached to periderm derived cells ( fig 5) . Electron microscopy revealed that the inclusions were tonofilament aggregates similar to those seen in fetal epidermis (fig 6) . In our experience of examining over 60 fetoscopic skin samples taken at 18 to 21 weeks' gestation, we have noted a tendency for vacuoles to form within the epidermal cells, associated with apparent extraction of glycogen. These changes, therefore, may mimic the vacuolation which also occurs in BIE. We therefore suggest that the diagnosis of BIE should depend on the demonstration of the tonofilament clumps rather than epidermal cell vacuolation.
No abnormality was observed by fetoscopy on gross appearance of the fetal skin except for scaling of the scalp. The cloudy appearance of the amniotic fluid noted during fetoscopy might be attributed to the desquamation of high numbers of cells in addition to the presence of cell clumps. The latter were readily demonstrated by light microscopy of semithin sections and by transmission and scanning 5() group.bmj.com on June 20, 2017 -Published by http://jmg.bmj.com/ Downloaded from electron microscopy. The total amniotic fluid cell numbers are very close to the upper limit for normality, while the viable cell numbers and proportion of viable cells are relatively low22 indicating that the cell dynamics seem disturbed in this case. An increased production of amniotic fluid cells by skin might result from excessive epidermal cell proliferation and rapid transepidermal cell transit, as demonstrated in adult patients with BIE. 23 It is possible to diagnose other forms of ichthyosis before birth. Both harlequin ichthyosis24 and Sjogren-Larsson syndrome25 have been detected by microscopy of fetoscopic skin biopsies. The diagnosis of X linked ichthyosis has been achieved by biochemical analysis of amniotic fluid.26
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